The recently recognized renal cell carcinomas (RCCs) associated with Xp11.2 translocations (TFE3 transcription factor gene fusions) are rare tumors predominantly reported in children. They comprise at least one-third of pediatric RCCs and only few adult cases have been reported. Here, we present a case of Xp11.2 translocation RCC in 26-year-old pregnant female. Her routine antenatal ultrasonography accidentally found a complex cystic right renal mass. Further radiologic studies revealed unilocular cyst with multiple mural nodules at inferior pole of right kidney, which was suspicious for RCC. She underwent right radical nephrectomy at 15 weeks gestation. Macroscopically, the cystic tumor was well encapsulated with multiple friable mural nodules on its inner surface. Microscopically, the tumor consisted of clear and eosinophilic/oncocytic voluminous cells arranged in papillary, trabecular, and nested/alveolar patterns. Occasional hyaline nodules and numerous psammoma bodies were present.
Immunohistochemically, the tumor showed strong nuclear positivity for TFE3. Epithelial membrane antigen, CD10, and E-cadherin were strongly positive. Cytokeratin AE1/AE3, cytokeratin CAM-5.2, calveolin, and parvalbumin were moderately positive. Cytokeratin 7, renal cell carcinoma antigen, and colloidal iron were focally weakly positive. BerEP4 and carbonic anhydrase IX were negative. Cytogenetically, the tumor harbored a novel variant translocation involving chromosomes X and 19, t(X;19)(p11.2;q13.1). Interphase FISH analysis performed on cultured and uncultured tumor cells using a dual-color break-apart DNA probe within the BCL3 gene on 19q13.3 was negative for the BCL3 gene rearrangement. She received no adjuvant therapy, delivered a normal term baby five months later, and is alive without evidence of disease 27 months after diagnosis and surgery. Unlike most recently reported Xp11.2 translocation RCCs in adult patients with aggressive clinical course, this adult case occurring during pregnancy with a novel translocation involving chromosome 19 followed an indolent clinical course.
Background
Xp11.2/TFE3 translocation renal cell carcinomas (RCCs), a recently classified distinct subtype, are rare tumors that usually affect children and adolescents [1] [2] [3] [4] [5] [6] [7] [8] , with only few reported adult cases to date [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . It is estimated that approximately one-third of pediatric RCCs are Xp11.2 translocation RCCs [2] [3] [4] [5] , whereas conventional clear cell RCCs make up about 15% of pediatric RCCs [25, 26] . In contrast, conventional clear cell RCCs make up 70% of RCCs in adults and 53% in young adults [26] , but the incidence of Xp11.2 translocation RCCs in adults and young adults is much smaller (estimated to be perhaps 1%) [1, 5, 7, 17, 19, 27] . Xp11.2 translocation RCCs are defined by at least six different translocations involving the Xp11.2 chromosome, all of which result from gene fusions involving the TFE3 transcription factor gene, and their morphology and biological behavior are not widely recognized as yet . They typically have papillary and/or nested architecture, and are composed of cells with clear and/or eosinophilic voluminous cytoplasm . Translocations involving TFE3 induce overexpression of this protein, and hence nuclear immunolabelling for TFE3 is a sensitive and specific marker of neoplasms with TFE3 gene fusions [1] [2] [3] [4] [5] [6] [7] [8] . Although only limited data are available thus far, they are believed to be rather indolent even when diagnosed at advanced stages [1] [2] [3] [4] [5] [6] [7] [8] , but there have been increasing recent reports of an aggressive clinical course in adult cases [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Case presentation
The patient was a 26-year-old pregnant woman (14 weeks gestation) who was accidentally found to have a complex cystic renal mass during routine antenatal ultrasonography. Subsequent magnetic resonance imaging (MRI) scan revealed a unilocular cystic mass with multiple mural nodules on its inner surface at the inferior pole of the right kidney, which was interpreted as radiologically suspicious for a RCC ( Figure 1 ). She had no previous history of chemotherapy. All blood test were unremarkable. The patient underwent right radical nephrectomy at 15 weeks gestation. Surgery revealed the tumor to be confined within the kidney. The postoperative period was uneventful and the patient was discharged four days after surgery. She received no adjuvant therapy, and is alive without evidence of disease 27 months after diagnosis and radical nephrectomy. She delivered a normal term baby five months after diagnosis and radical nephrectomy, and macroscopic and microscopic evaluation of the placenta was unremarkable with no evidence of metastatic RCC.
Methods

Histologic examination
Tissues were fixed in 10% buffered formalin solution and embedded in paraffin blocks. Four-micrometer-thick sections were obtained and stained with hematoxylin and eosin for microscopic examination.
Immunohistochemical analysis
Additional sections were used to perform immunohistochemical studies using an avidin-biotin peroxidase technique with hematoxylin counterstain. The antibodies used in this study include the following: cytokeratin AE1-AE3 (clone AE1-AE3/PCK26, Ventana Medical Systems Inc, Tucson, Arizona, USA), cytokeratin CAM-5. We analyzed the intensity and immunoreactivity of the immunostained sections. The intensity was graded qualitatively as weak, moderate, or strong on the basis of the brown color produced by the 3, 3'-diaminobenzidine chromogen. Diffuse and intense brown staining of the cytoplasmic or nuclear surfaces, as appropriate for each stain, was interpreted as strong staining intensity. Moderate intensity staining was characterized as non-diffuse but intense staining pattern, whereas weak intensity had a diffuse but non-intense staining pattern. Immunoreactivity was quantitatively estimated by the percentage of positive cells per representative section. Immunoreactivity was graded as 1+, 2+, and 3+, corresponding to less than 25%, between 25% and 50%, and greater than 50% of neoplastic cells showing positive staining per representative section, respectively.
Cytogenetic analysis
A fresh unfixed tumor sample was submitted in RPMI tissue culture medium to the Pittsburgh Cytogenetics Laboratory of the Department of Pathology of the University of Pittsburgh Medical Center for cytogenetic analysis. The tumor tissue was treated with collagenase to enzymatically dissociate cells, which were then cultured for 22 days. Metaphase cells were harvested from monolayer cell cultures and chromosomes were GTG-banded using standard procedures.
Fluorescence In Situ Hybridization (FISH) analysis
Two separate Fluorescence in situ hybridization (FISH) assays were performed using interphase cells derived from interphase cells harvested from monolayer cell cultures prepared as described above and a formalin-fixed paraffin-embedded section. Formalin-fixed paraffin-embedded sections were mounted and serially sectioned at 4-mm intervals. Separate sections stained with H & E were used to determine the area of the tissue to be targeted for analysis. The formalin-fixed paraffin-embedded slides were de-paraffinized in xylene twice for 10 minutes, dehydrated twice with 100% ethanol, and then pretreated using the DakoCytomation Paraffin Pretreatment Kit (DakoCytomation, Carpinteria, California, USA). Slides were digested for 18 minutes in protease solution (0.5 mg/ml) at 37°C.
For both assays, FISH was performed using the BCL3 (19q13.3) dual-color break-apart DNA probe (DakoCytomation, Carpinteria, California, USA). The target slide and probe were co-denatured at 95°C for 8 minutes and incubated overnight at 37°C in a humidified chamber. Post-hybridization washes were performed using 2× standard saline citrate/0.3% Igepal (Sigma) at 72°C for 2 minutes. Slides were air-dried in the dark and counterstained with 4',6'-diamidino-2-phenylindole (DakoCytomation, Carpinteria, California, USA). Analysis was performed using a Nikon Optiphot-2 microscope (Nikon, Inc.) and Quips Genetic Workstation equipped with a Chroma Technology filter fitted with single-band excitors for SpectrumOrange, fluorescein isothiocyanate, and 4',6'-diamidino-2-phenylindole (uv 360 nm; DakoCytomation, Carpinteria, California, USA). Only individual and well-delineated cells were scored. Overlapping cells were excluded from the analysis. A total of 222 and 162 cells were analyzed from the assays derived from monolayer cell culture and formalin-fixed paraffin-embedded section, respectively.
Results
Macroscopic findings
The right nephrectomy specimen was bivalved from the peripheral cortex towards the hilum to show a 5.5 × 4.5 × 3.5-cm well encapsulated, unilocular cystic tumor at the inferior pole of the kidney. Serial sections of the tumor revealed multiple soft and friable tan-gray mural nodules arising or attached to the inner surface of the cyst, with these nodules measuring up to 2.0 cm in greatest dimension ( Figure 2 ). The tumor was confined to the kidney and was present immediately deep to renal capsule. There was no gross evidence of extension of the tumor into the renal artery, renal vein, or renal sinus. No other lesions were present in the adjacent renal parenchyma. Figure 3D ). Mitotic figures were not identified. Abundant areas of central hemorrhagic necrosis containing hemosiderin-laden macrophages were present. There was no evidence of lymphovascular invasion, and all surgical resection margins were free of tumor.
Microscopic findings
Immunohistochemical findings
The immunohistochemical results are summarized in Table 1 . The neoplastic cells were diffusely strongly immunoreactive (3+, cytoplasmic staining) for epithelial membrane antigen (EMA) [ Figure 4A ], CD10 ( Figure 4B) , and E-cadherin ( Figure 4C ). Nuclear staining for TFE3 ( Figure 4D ) was diffusely strongly immunoreactive (3+), indicating the presence of the corresponding Xp11.2 translocation. The neoplastic cells were focally moderately immunoreactive (2+, cytoplasmic staining) for cytokeratin AE1-AE3 ( Figure 5A ), cytokeratin CAM-5.2 ( Figure 5B ), calveolin, and parvalbumin. The neoplastic cells were focally weakly immunoreactive (1+, cytoplasmic staining) cytokeratin 7 ( Figure 5C ), renal cell carcinoma antigen ( Figure 5D ), and colloidal iron. The neoplastic cells did not express BerEP4 or carbonic anhydrase IX.
Cytogenetic findings
Fifteen trypsin-Giemsa banded metaphase cells were analyzed from five and six day harvests of monolayer primary cell cultures and from a 22 day harvest of subcultured monolayer cell cultures derived from the renal mass. Two cells had an apparently normal female chromosome complement, most likely representing the stromal cells. One cell had a hypodiploid karyotype, likely as a result of random chromosomal loss. Nine cells had a 46, X, t(X;19)(p11.2;q13.1) chromosome pattern ( Figure 6 ). Three additional cells, each with this same abnormality, had less than 46 chromosomes, likely as a result of random chromosomal loss. In addition to the above cells, a few cells with tetraploidy and endoreduplication with this translocation were observed. Therefore, this renal tumor showed a mosaic abnormal female chromosome analysis with an apparently normal cell line and an abnormal clone with a translocation between the short arm of an X chromosome and the long arm of chromosome 19. The overall karyotype results can be described by the following International System for Human Cytogenetic Nomenclature (ISCN 2005): 46, X, t(X;19)(p11.2;q13.1) [12] /46, XX [3] . This classical cytogenetic profile is consistent with a diagnosis of Xp11.2 translocation RCC with a novel translocation involving chromosome 19.
Fluorescence In Situ Hybridization (FISH) findings
In order to determine if the BCL3 (19q13.3) gene located on the chromosome 19 was involved in the novel translocation observed by the classical cytogentic analysis above [t(X;19)(p11.2;q13.1)], cultured and uncultured tumor cells were evaluated by interphase FISH analysis using a dual-color break-apart DNA probe within the BCL3 gene on 19q13.3. The FISH analysis was negative for the BCL3 gene rearrangement in 222 (100%) of the 222 interphase cells examined from the assays derived from monolayer cell culture. Twenty-two (10%) of the 222 interphase cells examined from the assays derived from monolayer cell culture had 1-2 extra BCL3 signals. The significance of the presence of 10% of cells with 1-2 extra BCL3 signals is unclear. It may suggest the presence of a small clone with triploidy or tetraploidy. Tetraploidy was observed in a few cells by the classical cytogentic analysis above. Additionally, the FISH analysis was negative for the BCL3 gene rearrangement in 161 (99.4%) of the 162 interphase cells examined from the assays derived from formalin-fixed paraffin-embedded section. The finding of 1 (0.6%) of the 162 interphase cells examined from the assays derived from formalin-fixed paraffin-embedded section with a split signal for BCL3 is below the 1-3% range for false positive signals for break-apart DNA probes.
Discussion
We describe a case of a 26-year-old pregnant woman with a Xp11.2/TFE3 translocation RCC with a novel transloca- tion involving chromosome 19, and a favorable clinical course. The tumor shows a combination of clear and eosinophilic granular voluminous cells in a mixed papillary and nested pattern with the presence of prominent psammomatous calcification. The diagnosis is confirmed immunohistochemically by strong nuclear immunoreactivity for TFE3, and cytogenetically by the presence of a Xp11.2 translocation. Translocations involving TFE3 induce overexpression of this protein, and can be specifically identified by immunohistochemistry [7] . Nuclear labeling for TFE3 is highly sensitive (97.5%) and specific (99.6%) for neoplasms bearing TFE3 gene fusions [7] . Argani et al. [7] reported that immunostaining of TFE3 is nuclear and should, in case of positivity, be obvious at low-power magnification. A reliable interpretation requires the absence of cytoplasmic labeling of tumor cells and absence of nuclear labeling in adjacent normal kidney. Diagnosis of Xp11.2 translocation RCCs, which remains underestimated in the absence of cytogenetic studies on fresh or frozen materials, is therefore now possible on archival paraffin blocks [7, 17] . The histologic features of papillary and nested architecture, voluminous clear and eosinophilic cytoplasm, and numerous psammoma bodies of the case herein presented raised the possibility of RCC associated with a Xp11.2 translocation. However, the histology in some areas of the tumor and immunophenotype also suggested an oncocytic renal epithelial neoplasm with admixed clear/chromophobe cells and distal tubular differentiation (eosinophilic variant of chromophobe RCC versus appearance of RCC in patients with Birt-Hogg-Dube syndrome versus oncocytoma versus unclassified RCC). This emphasizes that Xp11.2 translocation RCCs can have a variety of gross and histologic appearances and significant heterogeneity within the tumor, and may have overlapping immunophenotype with other tumors. Hence, emphasizing the importance of performing cytogenetic analysis and including the TFE3 immunostain in panels for RCCs with unusual features, and probably for all RCCs in young patients.
Xp11.2 translocation RCC results from gene fusions between the TFE3 transcription factor gene located on chromosome Xp11.2 and one of six different gene fusion partners previously reported to date . The molecular The most distinctive IHC feature of Xp11.2 translocation RCCs, absent in conventional clear cell and papillary RCCs, is a detectable nuclear staining for the chimeric (mutant) TFE3 protein , as in the case herein presented. The antibody used recognizes the C-terminal portion of the TFE3 protein, which is retained in all TFE3 fusion proteins. Because native TFE3 is known to be expressed constitutively and ubiquitously but not detectable in normal tissues by IHC, it is anticipated that all the different Xp11.2/TFE3 gene fusions consistently lead to the over-expression of TFE3 protein [5, 7] . Previous studies have reported specific immunohistochemical patterns that are suggestive of the diagnosis of Xp11.2 translocation RCC, in the absence of TFE3 immunohistochemistry [5, 14, 17, 19] . Generally, the expression of cytokeratins (AE1-AE3, Cam5.2, CK7, and EMA) and melanocytic markers (HMB45 and melan A) were rare and weak, the expression of vimentin was variable and weak, and that of E-cadherin, α-methylacyl-coenzyme A racemase, CD10 and RCC were common and strong in Xp11.2 translocation RCCs [5, 14, 17, 19] . This typical immunoprofile of previously reported Xp11.2 translocation RCCs is consistent with that of the case herein presented, except for the strong EMA positivity and weak RCC positivity in our case. Generally, the absence of CK7 and EMA expression (CK7-, EMA-), together with the overexpression of E-cadherin and CD10 (E-cadherin+, CD10+) in Xp11.2 translocation RCCs have been suggested as useful tools in the differential diagnosis of conventional clear cell RCCs (CK7-, EMA+, E-cadherin-, CD10+) and papillary RCCs (CK7+, E-cadherin+) [5, 14, 17, 19] . Hence, the typical immunoprofile of Xp11.2 translocation RCCs (CK7-, EMA-, E-cadherin+, CD10+) may be helpful when TFE3 immunostaining is not available or doubtful [5, 14, 17, 19] .
Xp11.2 translocation RCCs occur primarily, but not exclusively, in children and young adults, and is believed to be rather indolent even when diagnosed at advanced stages [1] [2] [3] [4] [5] [6] [7] [8] . However, there have been increasing recent reports of Xp11.2 translocation RCC with aggressive clinical course in patients aged 16 or older (Table 3 ) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . These recent reports emphasize that, although the tumor morphology in adult Xp11.2 translocation RCC was similar to that in children, most of these adult patients had an aggressive clinical course [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Although these recent reports [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] indicate that Xp11.2 translocation RCCs may be inherently more aggressive in adults than in children; however, the relatively short follow-up periods currently available and the potential bias inherent on nonconsecutive case series and case reports preclude a definitive prediction of behavior for individual patients. In contrast, the herein presented case of adult Xp11.2 translocation RCC occurring during the early second trimester of pregnancy had a favorable clinical course with the patient alive with no evidence of disease 27 months after diagnosis and surgery. Therefore, there seems to be clinicopathologic heterogeneity even in adults, but the clinical and/or molecular basis for this heterogeneity remains to be elucidated.
Renal tumors are rare in pregnancy and occur in approximately 1 per 1,000 pregnancies [28] . RCC is the most common renal tumor reported in pregnancy, accounting for about half of all primary renal tumors during pregnancy [28] . Over 80 cases of RCC occurring during pregnancy has been reported in the English Language medical literature [28] . Most cases are incidentally diagnosed during pregnancy (as in the case herein presented), and usually present as a large palpable mass, probably because of more frequent abdominal and ultrasonographic examinations during pregnancy [28] . The most common histologic subtypes of RCC that have been reported during pregnancy include conventional clear cell RCC, papillary RCC and chromophobe RCC. To the best of our knowledge, the case herein presented is the first report of Xp11.2 translocation RCC occurring during pregnancy. Bovio et al. [23] recently reported the case of a 20-year-old pregnant female with placental, bone and retroperitoneal lymph node metastases two years after radical nephrectomy for Xp11.2 translocation RCC, but no evidence of fetal metastasis. Hence, the initial diagnosis of Xp11.2 translocation RCC occurred prior to her pregnancy. Bovio et al. [23] stated that given the need for systemic therapy and risk of harm to the fetus, a Cesarean section was performed at 33 weeks gestation. However, they did not specify whether subsequent systemic therapy was given, what specific type of systemic therapy was given (if any), the fate of the bone and retroperitoneal lymph node metastases, and the final patient outcome (whether she was alive with no evidence of disease, was alive with progressive disease, or died of disease). Surgical resection (partial or radical nephrectomy) is the preferred therapy in patients with lower stage (potentially curable) tumors, and may be performed in pregnant women. Nevertheless, one of the major issues in the management of cancer in pregnancy is timing of surgery. The recommendation of surgery during the first and third trimester of pregnancy is universally accepted, but the recommendation of surgery during the second trimester is controversial [28] . It should be considered that delaying surgery can potentially be harmful for the risk of metastasis. However, when proposing surgery during the second trimester of pregnancy, one should be aware of the potential risks of surgical manipulations, including uterine contractions leading to fetal distress or even spontaneous abortion. In the case herein presented, immediate surgery was probably the best treatment option for RCC occurring during early second trimester of pregnancy. Because placental and fetal metastases are rare, specific surveillance guidelines and prognostic information are unclear for the infant who does not present with metastases at birth, as in the case herein presented.
While the increasing numbers of case reports of RCC arising during pregnancy could represent a chance occurrence, there is some evidence that there may be an increased risk of the development of some neoplasms (including RCC) during pregnancy, possibly related to hormonal changes (including increased estrogen and beta β-hCG levels) and increased immune tolerance [29] .
Additionally, the increasing rates of RCC in women compared to men over the past 30 years, the presence of steroid hormone receptors in RCC tumor cells, the induction of renal tumors in experimental animals with diethylstilbestrol and estradiol, and the observation that obesity is a consistent risk factor for RCC suggest a possible role of reproductive or hormonal factors in RCC [29] . Kabat et al. [29] recently demonstrated that high parity may be associated with increased risk of RCC, and that oral contraceptive use may be associated with reduced risk. Indeed, compared with nulliparous women, parous women were at increased risk [hazard ratio (HR) = 1.78, 95% confidence interval (CI) = 1.02-3.09] of RCC, and there was a significant gradient of risk with increasing levels of parity: relative to nulliparous women, women who had ≥ 5 pregnancies lasting 4 months or more had a 2.4-fold risk (HR = 2.41, 95% CI = 1.27-4.59, P for trend 0.01) [29] . Ever use of oral contraceptives was associated with a modest reduction in risk. No associations were observed for age at first live birth or use of hormone replacement therapy [29] .
Conclusion
The patient herein presented was older than typically described for Xp11.2 translocation RCC. Although tumor morphology showed some similar features to those in the other recently reported cases of adult Xp11.2 translocation RCC with aggressive clinical courses [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , our patient had a more favorable clinical course, a cystic morphology, and a novel translocation involving chromosome 19. Hence, the consistent immunohistochemical staining for TFE3 in all RCC with unusual gross and/or histologic features, regardless of patient age, is likely to expand the spectrum of Xp11.2 translocation RCC with respect to age, clinical behavior, morphology, and molecular abnormalities.
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